ABSTRACT. Dogs, cats, and pigs have a bicornuate uterus, and transuterine migration of embryos occurs in 40% or more of pregnant animals. However, the mechanism of the transuterine migration has not been elucidated in dogs. Thus, we investigated the occurrence of transuterine migration of embryos when embryos were retained in an unilateral uterine tube with more ovulated ova (Experiment 1), when one ovary was excised (Experiment 2), and when ova ovulated from the right and left ovaries were fertilized with sperm from male dogs with different blood types (Experiment 3). Transuterine migration of embryos was observed in 7/8 (87.5%), 10/10 (100%), and 11/17 (67.4%) fertilized animals in Experiments 1, 2, and 3, respectively. In Experiment 3, intrauterine embryo mixing reported in pigs did not occur. These findings suggest that transuterine migration of embryos occurs due to the number of embryos that enter the uterus but that differences in the number of ovulated ova between the right and left ovaries or the number of embryos retained in the uterine tube do not affect the migration. KEY WORDS: blood type, canine, embryo, mixing, transuterine migration.
In prolific animals having a bicornuate uterus such as dogs, cats, and pigs, transuterine migration of embryos occurs in 40% or more of pregnant animals when the numbers of ova ovulated from the right and left ovaries are different [1, 7, 8] . Transuterine migration is considered to distribute fetuses equally to the right and left uterine horns and provide fetuses space for normal development. We clarified previously that transuterine migration of embryos occurred in 57.1% and 59.5% of animals in which the numbers of ovulated ova and fetuses were equal in dogs and cats, respectively [7, 8] .
For embryo transfer in dogs and cats, we transplanted embryos in an unilateral uterine horn [9, 11] . However, embryos were implanted equally in the left and right uterine horns due to transuterine migration.
Although the transuterine migration mechanism of embryos has not been elucidated, differences in the numbers of ovulated ova and embryos, uterus-stimulating substance secreted by embryos, and uterine peristalsis are possible factors.
In pig studies, for elucidating the transuterine migration of embryos, embryos from different breeds were transplanted in the right and left uterine horns, respectively [2, 3] . According to these studies, the transplanted embryos were mixed in the uterine horns and implanted.
We previously investigated the uterus in pregnant dogs and cats and concluded that when the number of fetuses exceeded the number of ova ovulated in the uterine horn, the excess number of embryos migrated into the opposite uterine horn [7, 8] . Since, embryos are mixed in the uterine horns in pigs, it cannot be concluded that the number of fetuses exceeding the number of ova ovulated in the same uterine horn migrated from the opposite uterine horn. It has not been clarified whether such embryo mixing observed in pigs [2, 3] also occurs in dogs and cats. Thus, we planned 3 experiments to clarify the transuterine migration mechanism of canine embryos. We observed whether transuterine migration toward the uterine horn with fewer embryos occurs when embryos were retained in an unilateral uterine tube with a higher number of ovulated ova and investigated occurrence of transuterine migration in hemiovariectomized dogs. Dziuk et al. [2, 3] clarified the phenomenon of embryo mixing in pigs using the embryo transfer technique, however, the embryo transfer technique has not been established in dogs. Thus, to distinguish ova ovulated from the right and left ovaries, we used sperm from male dogs with different blood types for fertilization [4, 10] , and investigated whether canine embryos were mixed and implanted.
MATERIALS AND METHODS

Animals:
Twenty-six female beagles aged 1-7 years were used in the experiments. Since animals were repeatedly used, the number of cases was 44. Ten male dogs aged 2-5 years with mating and fertilizing abilities were used for mating and artificial insemination. Nine were beagles and one was a mongrel. The D system blood type was D 2 in male and female beagles and D 1 in the mongrel dog.
The animals were kept in 160 × 75 × 65 cm cages at a density of several dogs per cage. Dogs were given commercial dog food in morning and drinking water in morning, afternoon, and evening. Pregnant dogs were given food twice (morning and evening) from 35 days of gestation.
Mating and intrauterine insemination: As we previously reported [5] , mating and intrauterine insemination were performed during the optimum mating period, 3-5 days after ovulation, based on the ovulation day estimated from the blood progesterone (P 4 ) level.
Blood was collected from the anterior brachiocephalic vein daily starting 6 days after vulval bleeding at proestrus and estrus and the P 4 level was measured by EIA [6] . The initial day on which the P 4 level exceeded 2 ng/ml was defined as the ovulation day.
Intrauterine insemination was performed by the surgical method as previously reported [10] . For one uterine horn, 1 × 10 7 sperm/100 µl was infused. The number of sperm and volume of semen were adjusted using egg yolk Tris-fructose citric acid.
Determination of the number of ovulated ova: The number of corpus luteum counted in the right and left ovaries during laparotomy was defined as the number of ovulated ova.
Experiment 1: Twelve female dogs were used in this experiment. Dogs were mated during the optimum mating period. To retain embryos in an unilateral uterine tube, the uterine tube-uterine horn junction was cut on the side with the higher number of ovulated ova 7 days after ovulation, because embryos enter the uterine horn 9 days after ovulation [9] . Laparotomy was performed 25 days after ovulation and implantations in both uterine horns were counted to investigate transuterine migration of embryos.
Experiment 2: The 12 dogs used in Experiment 1 underwent hemiovariectomy on the side of the cut uterine tube. The animals were mated during the optimum mating period and underwent laparotomy 25 days after ovulation to observe occurrence of transuterine migration by counting implantations in both uterine horns.
Experiment 3: In 20 dogs, ova in the left and right uterine horns were fertilized with semen from dogs with different blood types (D 1 and D 2 ), respectively. Pregnant dogs underwent laparotomy 55 days after ovulation, and color and pattern of fetal fur were observed through the uterine wall. The positions of puppies in the uterus were confirmed based on the blood types of the puppies after delivery to investigate transuterine migration of embryos [4] . When the blood type of a puppy was D 2 , the paternal dog was D 2 , and when the blood type was D 1 D 2 , the paternal dog was D 1 [4] .
Statistical analysis: The results of this experiment were analyzed by Student's t-test.
RESULTS
Experiment 1:
Occurrence of transuterine migration of embryos retained in an unilateral uterine tube is shown in Table 1 . Eight of 12 dogs (66.7%) were pregnant and transuterine migration of embryos was observed in 7 of the 8 pregnant dogs (87.5%). The mean number of embryos that migrated in the uterus was 1.4 with a range of 1-2. In 3 animals in which the number of fetuses was an even number, the numbers of fetuses in the right and left uterine horns were equal. The mean percentage of the number of fetuses to the number of ovulated ova on the side with the uncut uterine tube was 83.3% with a range of 50-100%.
Experiment 2: Occurrence of transuterine migration of embryos in 12 hemiovariectomized dogs is shown in Table  2 . The mean number of ovulated ova was 7.4 with a range of 6-9. The mean number of ovulated ova in bilateral ovaries in the previous estrous cycle was 8.7 with a range of 7-10, as shown in Table 1 . Thus, the number of ovulated ova after hemiovariectomy approached that in the bilateral ovaries before hemiovariectomy, but there was still a difference (p<0.05). The conception rate was 83.3% (10/12). The mean percentage of the number of fetuses to the number of ovulated ova was 69.1% with a range of 33.3-88.9%. Transuterine migration of embryos was observed in all of the 10 pregnant animals (100%). The mean number of embryos that migrated was 2.2 with a range of 1-4. Transuterine migration of embryos distributed fetuses equally to the right and left uterine horns in 7 animals in which the number of fetuses was an even number.
Experiment 3: Figure 1 shows occurrence of transuterine migration of embryos labeled with different blood types in 20 dogs. Eighteen of 20 animals (90.0%) were pregnant. However, the paternal dog could not be identified because fetuses died and degenerated in one dog. Data from this dog were excluded from the results. The mean percentage of the 
83.3 ± 8. number of fetuses to the number of ovulated ova in 17 pregnant dogs was 65.7% with a range of 16.7-100%. Among these 17 dogs, 5 were pregnant by AI of one male dog semen and 12 were pregnant by AI with two male dogs' semen. Transuterine migration of embryos was observed in 11 of 17 animals (64.7%). Embryos migrated from the uterine horn with more embryos to the uterine horn with fewer embryos. Mixing of embryos, which had been reported to occur in pigs, was not observed in dogs.
DISCUSSION
The results of the three experiments suggest that transuterine migration of embryos occurred because of the number of embryos that entered the uterus and that a difference in the number of ovulated ova between the right and left ovaries or the number of embryos retained in the uterine tube did not affect transuterine migration. Almost equal numbers of embryos were implanted in the right and left uterine horns. Therefore, it may be more appropriate to consider that transuterine migration occurs to distribute intrauterine space equally to embryos rather than to provide necessary space for embryonic development. Even when only 2 embryos were present on one side as in 3 animals in Experiment 1 and one animal in Experiment 2, one embryo migrated to the opposite uterine horn and was implanted. Mixing of embryos did not occur in dogs unlike pig embryos [2, 3] . Therefore, the transuterine migration mechanism of embryos may be different between dogs and pigs. We previously reported that transuterine migration occurs when the number of fetuses exceeds the number of ipsilateral ovulated ova [7] . The results of the experiments in this study support our previous finding. When embryos migrate in the uterus in dogs, embryos enter the opposite uterine horn and migrate toward the ovary, while in the uterine horn toward which embryos migrate, embryos migrate toward the uterine body. Thus, we speculate that migration is not caused by contraction of the whole uterine horn. Embryos may migrate by secreting a uterus-stimulating substance and locally stimulating the endometrium. To confirm this speculation, the uterine-stimulating substance secreted by embryos should be clarified by further studies. Mean ± SE 7.4 ± 0.4 69.1 ± 6.1 Fig. 1 . Transuterine migration of embryos inseminated with sperm from male dogs of different blood types
